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Description
Technical Field

[0001] The present invention relates to methods for
controlling radio transmissions in a wireless communica-
tion network and to corresponding devices and systems.

Background

[0002] Wireless communication networks, such as
wireless communication networks based on the LTE
(Long Term Evolution) technology specified by 3GPP (3rd
Generation Partnership project), typically operate in a
licensed frequency spectrum, i.e., on frequency resourc-
es which are dedicated to a certain radio technology and
operator. Further, also the utilization of radio resources
from an unlicensed frequency spectrum, e.g., in the 5
GHz or 3.5 GHz frequency band, may be possible. Typ-
ically, radio resources from such unlicensed frequency
spectrum are shared with another operator or one or
more other radio technologies. The unlicensed spectrum
is used as a complement to the licensed spectrum or
allows completely standalone operation.

[0003] In the LTE technology radio resources from an
unlicensed frequency spectrum may be utilized on the
basis of a technology referred to as "Licensed-Assisted
Access" (LAA). Aspects of the LAA technology are dis-
cussed in 3GPP TR 36.889 V13.0.0 (2015-06). In the
LAA technology the unlicensed spectrum is used as a
complement to the licensed spectrum. Using carriers
from the licensed spectrum, a UE (user equipment) con-
nects to the network. The carriers from the licensed spec-
trum are also referred to as primary cell or PCell. In ad-
dition one or more additional carriers, referred to as sec-
ondary cell or SCell, from the unlicensed spectrum are
used to enhance transmission capacity. For this purpose,
a carrier aggregation functionality of the LTE technology
is utilized. The carrier aggregation functionality allows to
aggregate two or more carriers, i.e., frequency channels.
In a typical LAA scenario, at least one of the aggregated
carriers is from the licensed spectrum and at least one
of the aggregated carrier is from the unlicensed spec-
trum.

[0004] Due to regulatory requirements, transmissions
in the unlicensed spectrum are typically permitted only
with prior channel sensing, transmission power limita-
tions, and/or imposed maximum channel occupancy
time. To take into account that the radio resources from
the unlicensed spectrum are shared with other operators
or other radio technologies, an LBT (listen-before-talk)
procedure may be need to performed before proceeding
to a transmission in the unlicensed spectrum. Typically,
the LBT procedure involves sensing the carrier for a pre-
defined minimum amount of time and backing off if the
carrier is busy. If on the other hand the transmissions on
the radio resources are coordinated in a centralized man-
ner, like by dynamic scheduling as used in the LTE tech-
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nology, performance may be significantly degraded be-
cause situations may occur where the centralized sched-
uling may grant a transmission, but the transmission is
not possible because the carrier is busy, or situations
may occur where the carrier would be free, but a trans-
mission was not granted by the centralized scheduling.
In the case of the LAA technology, this may for example
affect the performance of uplink (UL) transmissions from
the UE to the network. However, good performance for
the UL transmissions is becoming more relevant, e.g.,
due to increasing usage of user-centric applications and
an increasing need to push data to cloud storage. More-
over, when utilizing multiple carriers from an unlicensed
frequency spectrum, these carriers could require utiliza-
tion of different access schemes. For example, one car-
rier could use an access scheme based on dynamic
scheduling using scheduling requests from the UE, while
another carrier could use a grant-less access scheme,
which does not require that radio resources are allocated
in response to a scheduling request. In such cases, an
ongoing UL radio transmission on one of the carriers may
adversely affect the chances of the UE to successfully
gain access to the other carrier.

[0005] WO 2016/162760 A1 discloses a method, com-
prising: receiving an information regarding one or more
uplink grants of an assigned component carrier to use to
transmit data; determining a set of uplink component car-
riers of licensed-assisted uplink component carriers that
are considered as conditional uplink component carriers
to use to transmit data; determining Whether the as-
signed component carrier is available to transmit the da-
ta; based on determining that the assigned component
carrier is not available to transmit the data, identifying a
component carrier of the at least one conditional uplink
component carrier of the licensed-assisted uplink com-
ponent carriers that is available to transmit the data; and
transmitting the data on the identified available compo-
nent carrier of the licensed-assisted uplink component
carriers.

[0006] 3GPP discussion paper R1-161201 "Discus-
sion on UL Multi-carrier Transmission foreLAA" address-
es some issues on channel access procedure for UL mu-
lit-carrier transmission on eLAA. One proposal is that for
UL multi-carrier transmission, it should be allowed to
transmit PUSCH transmission(s) on carriers with UL
grant indicating Cat-2 LBT after performing 25us LBT
irrespective of Cat-4 LBT on a designated carrier. One
further proposal indicates that for the case of reusing
Type B in Rel-13 DL LAA for UL multi-carrier transmis-
sion, a pre-defined rule between UE and eNB should be
defined for one carrier selection to perform UL Cat-4 LBT
for UL multi-carrier transmission. One further proposal
indicates that is should be discussed how to adjust CWS
for UL multi-carrier transmission in case existing one or
more carriers to be signalled to 25us LBT by the eNB.
[0007] Accordingly, there is a need for techniques
which allow for efficient control of UL radio transmissions
in an unlicensed spectrum.
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Summary

[0008] The presentinvention is defined in the append-
ed claims.

Brief Description of the Drawings

[0009]

Fig. 1 schematically illustrates a wireless communi-
cation system in which radio transmissions are con-
trolled according to an embodiment of the invention.

Fig. 2 illustrates utilization of radio resources from
an unlicensed spectrum according to an embodi-
ment of the invention.

Fig. 3A-3D illustrate allocation of radio resources ac-
cording to an embodiment of the invention.

Fig. 4A schematically illustrates a collision avoid-
ance scheme as used according to an embodiment
of the invention.

Fig. 4B schematically illustrates a further collision
avoidance scheme as used according to an embod-
iment of the invention.

Fig. 5 illustrates an example of a scenario where a
UE performs UL radio transmissions on two different
unlicensed carriers which require utilization of differ-
ent access schemes, without using coordination ac-
cording to an embodiment of the invention.

Fig. 6 illustrates an example of coordination of UL
radio transmissions on two different unlicensed car-
riers according to an embodiment of the invention.

Fig. 7 illustrates a further example of coordination of
UL radio transmissions on two different unlicensed
carriers according to an embodiment of the inven-
tion.

Fig. 8 illustrates a further example of coordination of
UL radio transmissions on two different unlicensed
carriers according to an embodiment of the inven-
tion.

Fig. 9 illustrates a further example of coordination of
UL radio transmissions on two different unlicensed
carriers according to an embodiment of the inven-
tion.

Figs. 10A and 10B illustrates a further example of
coordination of UL radio transmissions on two differ-
ent unlicensed carriers according to an embodiment
of the invention.
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Fig. 11 shows a flowchart for schematically illustrat-
ing a method according to an embodiment of the
invention.

Fig. 12 shows a block diagram for illustrating func-
tionalities of a radio device according to an embod-

iment of the invention.

Fig. 13 schematically illustrates structures of a radio
device according to an embodiment of the invention.

Detailed Description of Embodiments

[0010] In the following, concepts in accordance with
exemplary embodiments of the invention will be ex-
plained in more detail and with reference to the accom-
panying drawings. The illustrated embodiments relate to
control of radio transmissions in a wireless communica-
tion network, specifically to control of UL radio transmis-
sions from a radio device, in the following also referred
to as UE. The wireless communication network is as-
sumed to be based on a radio technology which may
operate in an unlicensed frequency spectrum, such as
the unlicensed 3.5GHz or 5GHz band. Specifically, the
radio technology may be based on using the LTE radio
technology in an unlicensed frequency spectrum, e.g.,
using the licensed-assisted access (LAA) technology as
discussed in 3GPP TR 36.889 V13.0.0 (2015-06). How-
ever, it is noted that the illustrated concepts may also be
applied to other technologies, e.g., a 5G (5t Generation)
wireless communication technology. Further, the con-
cepts could also be applied to standalone operation of
the LTE radio technology or similar radio technology in
the unlicensed frequency spectrum, without coordination
or other assistance by transmissions in a licensed fre-
quency spectrum, e.g., using MuLTEfire operation as
specified in MuLTEfire Release 1.0 Technical Paper
(2017-01).

[0011] In the illustrated concepts, UL radio transmis-
sions from a UE are performed on multiple carriers from
an unlicensed frequency spectrum, in the following also
referred to as unlicensed carriers. Further, it is assumed
that for at least some of the carriers different access
schemes are used. For example, one more of the carriers
may use dynamic scheduling and require that the UE
receives a grant assigning radio resources to be used
for the UL radio transmission(s) while one or more others
of the carriers may use an access scheme based on
semi-persistent allocation of radio resources or based on
using IUA (Instant UL Access) allocation, or grant-less
access.

[0012] As used herein, the semi-persistent allocation
of radio resources refers to an allocation of radio resourc-
es which is valid in a reoccurring manner in multiple sub-
frames, without requiring a request from the UE. Howev-
er, the semi-persistent allocation of radio resources may
nonetheless be controlled by the wireless communica-
tion network. Specifically, the wireless communication
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network may configure the semi-persistent allocation of
radio resources, e.g., in terms of radio resources, and
also control activation and deactivation of the semi-per-
sistent allocation of radio resources. Accordingly, by us-
ing the semi-persistent allocation of radio resources, the
radio resources can be allocated to the UE inan extended
time interval starting from activation of the semi-persist-
ent allocation of radio resources by the wireless commu-
nication network until deactivation or release of the semi-
persistent allocation of radio resources. The deactivation
or release of the semi-persistent allocation of radio re-
sources may be actively initiated by the wireless com-
munication network or triggered in an implicit manner,
e.g., by lack of usage of the semi-persistently allocated
radio resources. The IUA allocation is similar to the semi-
persistent allocation as described above. In the case of
an IUA allocation, the UE is however not obliged to trans-
mit on the allocated radio resources. Grant-less access
may refer to an access scheme which does not involve
network-controlled allocation of radio resources to the
UE.

[0013] Fig. 1 schematically illustrates an exemplary
scenario in which a UE 10, e.g., a mobile phone, a tablet
computer, or other kind of communication device, com-
municates with an access node 100 of the wireless com-
munication network. In accordance with the assumed uti-
lization of the LTE radio technology, the access node 100
may also be referred to as eNB ("evolved Node B"). In
the scenario of Fig. 1, the communication between the
UE 10 and the access node 100 is LAA based, i.e., uses
carriers from both a licensed frequency spectrum and
the unlicensed frequency spectrum. Specifically, a DL
(downlink) carrier 21 from the licensed frequency spec-
trum is used for DL radio transmissions from the access
node 100 to the UE 10, and a UL carrier 22 from the
licensed frequency spectrum is used for UL radio trans-
missions from the UE 10 to the access node 100. The
carriers 21, 22 may also be referred to as PCell of the
UE 10. In addition, DL carriers 31, 32 from the unlicensed
frequency spectrum may be used for DL radio transmis-
sions from the access node 100 to the UE 10, and/or UL
carriers 33, 34 from the unlicensed frequency spectrum
may be used for UL radio transmissions from the UE 10
to the access node 100. Itis noted thatin some scenarios
the same carrier, e.g., the carrier 31, the carrier 32, the
carrier 33, and/or the carrier 34, could also be used for
both DL radio transmissions from the access node 100
to the UE 10 and UL radio transmissions from the UE 10
to the access node 100, e.g., by using the carrier in a
TDD (Time Division Duplex) mode. The carriers 31, 32,
33, 34 may also be referred to as SCell(s) of the UE 10.
[0014] Fig. 2 schematically illustrates the carriers 21,
22, 31, 32, 33, 34 in frequency (f) space. As illustrated,
the carriers 21, 22 are in a licensed frequency spectrum,
e.g., in one of the LTE bands between 700MHz and
2.7GHz. The carriers 21, 22, which are dedicated to the
LTE radio technology and licensed to the operator of the
wireless communication network, i.e., may not be used
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by other radio technologies or operators, may be used
for reliable transmission of control information between
the UE 10 and the access node 100. For example, one
or more DL control channels, like a PDCCH (Physical DL
Control Channel) or ePDDCH (enhanced PDDCH) may
be transmitted on the DL carrier 21. Similarly, one or more
UL control channels, like a PUCCH (Physical UL Control
Channel) may be transmitted on the UL carrier 22. Fur-
ther, the carriers may be used for transmission of a data
channel. For example, one or more DL data channels,
like a PDSCH (Physical DL Shared Channel) may be
transmitted on the DL carrier 21. Similarly, one or more
UL data channels, like a PUSCH (Physical UL Shared
Channel) may be transmitted on the UL carrier 22. The
PDSCH and the PUSCH are used in a shared manner
by multiple UEs, and allocation of radio resources of the
PDSCH or PUSCH to a certain UE, like the UE 10, is
accomplished by the access node 100. The carriers 31,
32, 33, 34 which are shared with other operators or radio
technologies, may be used for enhancing transmission
capacity or transmission performance between the UE
10 and the access node 100. Control information for the
carriers 31, 32, 33, 34 may be transmitted on the carriers
21, 22, i.e., transmissions on the carriers 31, 32, 33, 34
may be assisted by transmissions on the carriers 21, 22.
The carriers 31, 32, 33, 34 may thus also be referred to
as LAA SCell(s). To enhance the transmission capacity
or performance, one or more DL data channels, like a
PDSCH, may be transmitted on the DL carriers 31, 32
and/or one or more UL data channels, like a PUSCH,
may be transmitted on the UL carriers 33, 34. Like in the
licensed frequency spectrum, the PDSCH and the
PUSCH in the unlicensed frequency spectrum are used
in a shared manner by multiple UEs, and allocation of
radio resources of the PDSCH or PUSCH to a certain
UE, like the UE 10, is accomplished by the access node
100.

[0015] The operation as illustrated in Fig. 1 and 2,
which uses separate carriers for the DL and UL trans-
mission direction, corresponds to an FDD (Frequency
Division Duplex) mode. However, it is noted that in some
scenarios DL radio transmissions and UL radio transmis-
sions could also be performed on the same carrier, e.g.,
one of the carriers 21, 22, 31, 32, 33, 34, using different
time slots for the DL radio transmissions and UL radio
transmissions, e.g., using a TDD mode.

[0016] In the case of standalone operation using ex-
clusively carriers from the unlicensed frequency spec-
trum, e.g., MuLTEfire operation, usage of the carriers 21,
22 could be omitted, and also control channels, like a
PDCCH, ePDCCH, MF-sPUCCH or MF-ePUCCH, could
be transmitted on the carriers 31, 32, 33, 34 from the
unlicensed frequency spectrum.

[0017] Fig. 3A-3D illustrate the allocation of radio re-
sources in the LTE radio technology. For the DL radio
transmissions, the LTE radio technology uses OFDM
(Orthogonal Frequency Division Multiplexing). As illus-
trated in Fig. 3A, the underlying time-frequency grid is in
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the frequency (f) domain defined by multiple subcarriers
of 15kHz width, and in the time (t) domain defined by a
sequence of OFDM symbols forming a subframe of 1ms
duration. Each OFDM symbol starts with a cyclic prefix.
A similar time-frequency grid, using the same subcarrier
spacing and number of modulation symbols is used for
the UL radio transmissions. For the UL radio transmis-
sions, the LTE radio technology uses DFT (Discrete Fou-
rier Transform) spread OFDM, also referred to as single-
carrier FDMA (Frequency Division Multiple Access). Ac-
cordingly, the radio resources of the LTE radio technol-
ogy can be regarded as being organized in a time-fre-
quency grid defining resource elements each corre-
sponding to one subcarrier during and one modulation
symbol interval, e.g., as illustrated in Fig. 1.

[0018] Fig. 3B further illustrates organization of the
LTE radio transmissions in the time domain. As illustrat-
ed, the radio transmissions are organized in a sequence
of radio frames, and each radio frame is formed of mul-
tiple subframes. The DL radio transmissions are organ-
ized in radio frames of 10ms, and each of these radio
frame consists of ten equally-sized subframes having a
length Tsubframe=1 ms, as indicated in Fig. 3B. Each
subframe comprises two slots which each have a dura-
tion of 0.5ms. Within a radio frame, the slots are sequen-
tially numbered within a range from 0 to 19. For normal
cyclic prefix length, one subframe consists of 14 OFDM
symbols, and the duration of each symbol is approxi-
mately 71.4 ps.

[0019] Theresource allocation in LTE radio technology
is typically defined in terms of resource blocks, where a
resource block corresponds to one slot (0.5ms) in the
time domain and 12 contiguous subcarriers in the fre-
quency domain. A pair of two adjacent resource blocks
in time direction (1.0ms) is also referred to as a resource
block pair. The resource blocks are indexed in the fre-
quency domain, starting with index 0 from one end of the
system bandwidth.

[0020] TheDL radiotransmissions are typically subject
to dynamic scheduling. That is to say, in each subframe
the access node 100 transmits DL control information
(DCI). The control information indicates to which UEs
data is transmitted in this subframe, and in which re-
source blocks include the data for a specific UE. Fig. 3C
shows an example of DL subframe. As illustrated, the
DCI may be transmitted in the first OFDM symbols of the
DL subframe, also referred to as control region of the DL
subframe. Typically, the control region corresponds to
the first 1, 2, 3 or 4 OFDM symbols of the DL subframe.
The number n of the OFDM symbols defining the control
region is also referred to as CFl (Control Format Indica-
tor). As illustrated, the DL subframe also contains refer-
ence symbols, which are known to the receiver and used
for demodulation purposes, e.g., for coherent demodu-
lation of the control information. In the example of Fig.
3C, CFI=3 is assumed. The reference symbols may also
include cell specific reference symbols (CRS) which may
be are used to support various functions, such as fine
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time and frequency synchronization and channel estima-
tion for certain transmission modes. Also the UL radio
transmissions are typically subject to dynamic schedul-
ing. For this purpose, the access node 100 may indicate
in the DCI information which UEs shall transmit UL data
in a subsequent subframe, and in which resource blocks
the UL data is to be transmitted by the UE(s). Fig. 3D
shows an example of a UL subframe. The UL resource
grid may include UL data and UL control information. The
UL data and the UL control information may be included
ina shared data channel, referred to as PUSCH (Physical
UL Shared Channel). Further, the UL control information
may be included in a control channel, referred to as
PUCCH (Physical UL Control Channel). As further illus-
trated, a UL subframe may also include various reference
signals, such as demodulation reference signals (DMRS)
and sounding reference signals (SRS). DMRS are used
for coherent demodulation of the PUSCH and PUCCH.
The SRS are typically not associated with any data or
controlinformation and are used to estimate the UL chan-
nel quality, e.g., for purposes of frequency-selective
scheduling. As illustrated in Fig. 3D, the DMRS and SRS
are time-multiplexed into the UL subframe, and the SRS
are transmitted in the last symbol of the UL subframe.
The DMRS are typically transmitted once every slot for
subframes with normal cyclic prefix, and may be located
in the fourth and eleventh SC-FDMA symbols.

[0021] In the LTE radio technology, the DCI may for
example indicate the following information for controlling
UL radio transmissions:

* radioresources allocated for a UL radio transmission
(including whether frequency hopping is applied).

* a modulation and coding scheme (MCS) to be ap-
plied for a UL radio transmission

e redundancy versions (RV) to be applied for a UL ra-
dio transmission

* a new data indicator (NDI) for controlling whether
the UE shall transmit new data or perform a retrans-
mission

e a transmit power control (TPC) command

¢ information on DMRS to be used in a UL radio trans-
mission

* inthe case of cross-carrier scheduling, a target car-
rier index indicating a carrier to which the DCI ap-
plies.

[0022] TheDClistypically UE specificand CRC (Cyclic
Redundancy Check) protected, typically using CRC bits.
The UE specific character of the DCI is achieved by
scrambling the CRC bits with a UE-specific identifier,
e.g., a C-RNTI (Cell Radio Network Temporary |dentifi-
er). Further, the DCI and scrambled CRC bits typically
protected by convolutional coding. Typically, the access
node 100 assigns a unique C-RNTI to every UE associ-
ated to it. The C-RNTI can take values in the range 0001-
FFF3 in hexadecimal format. When the UE 10 is simul-
taneously served by multiple cells, such as the above-
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mentioned PCell and SCell, the UE 10 will typically use
the same C-RNTI on all serving cells.

[0023] The DCI may be transmitted in a DL control
channel referred to as PDCCH (Physical DL Control
Channel), which exclusively uses resource elements
from the control region of the DL subframe. Further, DL
control information may also be transmitted in a DL con-
trol channel referredtoas ePDCCH, which uses resource
elements outside the control region. A specific type of
DL control information which may be transmitted in the
PDCCH or ePDCCH is scheduling information, such as
a DL assignment, allocating DL radio resources for a DL
radio transmission to the UE 10, or a UL grant, allocating
UL radio resources for a UL radio transmission from the
UE 10.

[0024] The dynamic scheduling of UL radio transmis-
sions may be accomplished in the following manner: The
UE 10 reports to the access node 100 when it needs to
transmit UL data, e.g., by sending a scheduling request
(SR). In response to the SR, the access node 100 allo-
cates the radio resources and sends corresponding
scheduling information in an UL grant to the UE 10. If the
allocated radio resources are not sufficient to transmit all
the UL data, the UE 10 may further send a buffer status
report (BSR) on the allocated radio resources, thereby
informing the access node 100 about the amount of UL
data still pending for transmission. In response to the
BSR, the access node 100 may allocate further radio
resources to the UE 10, so that the UE 10 can continue
with the transmission of the UL data

[0025] In more detail, if the UE’s buffer 10 for UL data
to be transmitted is empty and new UL data arrives in
the buffer, dynamic scheduling may be performed ac-
cording to the following procedure:

1. Using the PUCCH, the UE 10 sends a SR to the
access node 100. The SR informs the access node
100 that the UE 10 needs to transmit UL data. For
sending the SR, the UE 10 may utilize a timeslot
which is allocated according to a periodic schedule,
e.g., with an interval of 5, 10, or 20ms.

2. When the access node 100 receives the SR, it
responds with a small UL grant that allocates radio
resources which are just sufficient to indicate the
amount of UL data pending in the buffer by a BSR.
This reaction to the SR typically takes 3ms.

3. After the UE 10 received and processed the initial
UL grant, which may take about 3 ms, it typically
sends an UL radio transmission with the BSR. The
BSR is a CE (Control Element) of a MAC (Medium
Access Control) protocol of the LTE radio technolo-
gy. If the initial UL grant is big enough, the UE 10
may also include at least a part of the UL data into
the UL radio transmission.

4. Upon receiving the BSR, the access node 100
allocates radio resources in accordance with the
amount of pending UL data indicated by the BSR
and sends a corresponding further UL grant to the
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UE 10. By transmitting the pending UL data on the
allocated radio resources, the UE 10 may then drain
its buffer.

[0026] In the above example of a dynamic scheduling
procedure, a delay of 16ms or more can occur between
arrival of the UL data in the empty buffer and reception
of this UL data by the access node 100. This delay can
be further increased by the UE 10 having to wait for the
next opportunity to the SR and/or by the UE 10 having
to perform a random access procedure to obtain syn-
chronization and being allocated with SR opportunities.
[0027] For usage of the carriers 31, 32, 33, 34 from the
unlicensed frequency band, the UE 10 and the access
node 100 may need to implement an LBT procedure or
similar mechanism to avoid conflicts with other radio de-
vices or radio technologies which may potentially use the
carriers 31, 32, 33, 34. Fig. 4A illustrates an example of
an LBT procedure which may be used to ensure coex-
istence with WLAN transmissions on the carrier 32.

[0028] Inthe example of Fig. 4A, itis assumed that two
WLAN stations, referred to as station A and station B,
transmit on the carrier 33 from the unlicensed frequency
spectrum. At time t1 station A finishes transmission of a
dataframe to station B. After atime termed as SIFS (Short
Inter Frame Space), station B sends an ACK frame back
to station A. The SIFS time may for example be 16ps.
The station B sends the ACK frame without performing
a LBT operation. Before another radio device, such as
the UE 10, can transmit on the carrier 33, it first needs
to sense the carrier 33 to determine whether it is occu-
pied. If it find during the transmission of the ACK frame
by station B the carrier 33 is found to be occupied the
other radio device needs to defer for a time referred to
as DIFS (Distributed Inter Frame Space), which is longer
than the SIFS time such as 34 ps. In this way, it can be
prevented that the other radio device interferes with the
transmission of the ACK frame. Therefore, a radio device,
such as the UE 10, that wishes to transmit first performs
a CCA (Clear Channel Assessment) by sensing the car-
rier for the DIFS time. If the medium is idle then the radio
device assumes that the carrier 33 is free and that it may
transmit on the carrier 33. If the carrier 33 is found to be
busy, the radio device waits until the carrier 33 goes idle,
and defers for the DIFS time. Further, the radio device
may wait for a random backoff period before it can start
to transmit on the carrier 33 at t4. The random backoff
period has the purpose of reducing the risk of collisions
when multiple radio devices are ready to transmit when
the carrier 33 goes idle. In the example of Fig. 4A, the
radio device starts a random backoff counter at t3 and
defers for a corresponding number of time slots. The ran-
dom backoff counter may be selected as a random inte-
ger of not more than a backoff contention window size
CW. To avoid recurring collisions, the backoff contention
window size CW may be doubled whenever a collision
is detected, up to a limit CWmax. When a transmission
attempt is successful without collision the contention win-
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dow is reset back to its initial value.

[0029] Fig. 4B illustrates a further example of an LBT
procedure which is based on Load-based CCA according
to ETSI Draft EN 301 893 V2.1.0 (2017-03). In this case,
a radio device not using a WLAN protocol, such as the
UE 10, may use load based adaptive channel access.
The radio device that initiates a sequence of one or more
transmissions is denoted as the Initiating Device. Other-
wise, the radio device is denoted as a Responding De-
vice. The Initiating Device implements a channel access
mechanism which is based on prioritized, truncated ex-
ponential backoff. Before a transmission or a burst of
transmissions on an Operating Channel, such as the car-
rier 33, the Initiating Device operates at least one Chan-
nel Access Engine (up to four access engines can be
operated simultaneously, corresponding to different data
priority classes) that executes a procedure described in
step 1) to step 8) below. A single Observation Slot shall
have a duration of not less than 9pus.

1)The Channel Access Engine sets a contention win-
dow CW to a minimum value CWmin.

2)The Channel Access Engine selects a random
number q from a uniform distribution over the range
0 to CW.

3)The Channel Access Engine initiates a Prioritiza-
tion Period as described in step 3) a) to step 3) c):

a) The Channel Access Engine sets p according
to the priority class associated with this Channel
Access Engine

b) The Channel Access Engine waits for a period
of 16ps.

c) The Channel Access Engine performs CCA
on the Operating Channel during a single

[0030] Observation Slot:

i) The Operating Channel is considered occupied if
other transmissions within this channel are detected
with a level above an ED (Energy Detect) threshold.
In this case, the Channel Access Engine shall initiate
a new Prioritization Period starting with step 3) a)
after the energy within the channel has dropped be-
low the ED threshold.

ii) In case no energy within the Operating Channel
is detected with a level above the ED threshold, p
may be decremented by not more than 1. If pis equal
to 0, the Channel Access Engine shall proceed with
step 4), otherwise the Channel Access Engine shall
proceed with step 3) c).

4) The Channel Access Engine performs a
Backoff Procedure as described in step 4) a) to
step 4)d):

a) This step verifies if the Channel Access
Engine satisfies the Post Backoff condition.
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If g < 0 and the Channel Access Engine is
ready for a transmission, the Channel Ac-
cess Engine shall set CW equal to CWmin
and shall select a random number q from a
uniform distribution over the range 0 to CW
before proceeding with step 4) b).

b) If g < 1 the Channel Access Engine pro-
ceeds with step 4) d). Otherwise, the Chan-
nel Access Engine may decrement the val-
ue q by not more than 1 and the Channel
Access Engine shall proceed with step4) c).
c) The Channel Access Engine shall per-
form CCA on the Operating Channel during
a single Observation Slot

d) If the Channel Access Engine is ready
for a transmission the Channel Access En-
gine shall continue with step 5). Otherwise,
the Channel Access Engine shall decre-
ment the value q by 1 and the Channel Ac-
cess Engine shall proceed with step 4) c).
It should be understood that g can become
negative and keep decrementing as long as
the Channel Access Engine is not ready for
a transmission.

5) If only one Channel Access Engine of the In-
itiating Device is in this stage the Channel Ac-
cess Engine proceeds with step 6). If the Initiat-
ing Device has a multitude of Channel Access
Engines in this stage, the Channel Access En-
gine with highest Priority Class in this multitude
shall proceed with step 6) and all other Channel
Access Engines in the current stage shall pro-
ceed with step 8).

6) The Channel Access Engine may start trans-
missions belonging to the corresponding or
higher Priority Classes, on one or more Operat-
ing Channels.

a) The Channel Access Engine can have
multiple transmissions without performing
an additional CCA on this Operating Chan-
nel providing the gap in between such trans-
missions does not exceed 16 p s. Other-
wise, if this gap exceeds 16 p s and does
not exceed 25 . s, the Initiating Device may
continue transmissions provided that no en-
ergy was detected with a level above the
ED threshold for a duration of one Obser-
vation Slot.

b) The Channel Access Engine may grant
an authorization to transmit on the current
Operating Channel to one or more Re-
sponding Devices. If the Initiating Device is-
sues such a transmission grant to a Re-
sponding Device, the Responding Device
shall operate according to the procedure
described below after Step 8.
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c) The Initiating Device may have simulta-
neous transmissions of Priority Classes
lower than the Priority Class of the Channel
Access Engine, provided that the corre-
sponding transmission duration (Channel
Occupancy Time) is not extended beyond
the time that is needed for the transmis-
sion(s) corresponding to the Priority Class
of the Channel Access Engine.

7) When the Channel Occupancy has complet-
ed, and it has been confirmed that at least one
transmission that started at the beginning of the
Channel Occupancy was successful, the Initiat-
ing Device proceeds with step 1) otherwise the
Initiating Device proceeds with step 8).

8)The Initiating Device may retransmit. If the In-
itiating Device does not retransmit the Channel
Access Engine shall discard all data packets as-
sociated with the unsuccessful Channel

[0031] Occupancy and the Channel Access Engine
shall proceed with step 1). Otherwise, the Channel Ac-
cess Engine shall adjust CW to ((CW + 1) X m) - 1 with
m > 2. If the adjusted value of CW is greater than CWmax
the Channel Access Engine may set CW equal to CW-
max. The Channel Access Engine shall then proceed
with step 2).

[0032] The Responding Device may transmit either
without performing a CCA, if these transmissions are in-
itiated at most 16 p s after the last transmission by the
Initiating Device that issued the grant, or it performs CCA
on the Operating Channel during a single observation
slot within a 25 s period ending immediately before the
granted transmission time.

[0033] In the following coordination of UL radio trans-
missions on different unlicensed carriers will be ex-
plained by referring to examples illustrated in Figs. 5, 6,
7, 8, 9A, 9B, 10A, and 10B. In these examples, a UE,
such as the above-mentioned UE 10, is configured with
more than one unlicensed carrier for UL transmissions,
of which at least one, denoted by CC1, is configured to
be used on the basis of an access scheme involving dy-
namic scheduling, and of which at least one other, de-
noted by CC2, is configured to be used on the basis of
an access scheme involving grant-less transmission.
The carriers CC1 and CC2 may for example correspond
to the above-mentioned carriers 33 and 34. The utiliza-
tion of different access schemes on the two carriers CC1,
CC2 may for example be due to heterogeneous traffic
and interference levels, or due to the clustering of UEs
capable of grant-less UL radio transmissions on a carrier
that is separate from one or more carriers utilized by leg-
acy UEs which only support dynamically scheduled UL
radio transmissions. On each of the carriers CC1, CC2,
successful CCA is required before the UE can start trans-
mitting on the carrier CC1, CC2. The CCA may be part
of an extended LBT procedure which involves a backoff
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before starting to transmit. Further, the CCA may be part
of a shortened LBT procedure which requires no backoff
before starting to transmit.

[0034] In the following examples, the description of an
UL grant to schedule UL resources may refer to a single
UE-specific DCI, or to a two-stage process with PUSCH
trigger A sent using UE-specific DCI and PUSCH trigger
B sent using a common or UE-specific DCI. A scheduled
UL radio transmission, i.e., an UL radio transmission per-
formed on radio resources allocated by an UL grant, may
for example include a PUSCH transmission and/or a
transmission on short/long PUCCH. In each of the illus-
trated examples, the UE may compute its PHR (Power
Headroom Report) assuming that all potentially available
carriers are used for parallel UL radio transmissions, ir-
respective whether CCA is successful on the individual
carriers.

[0035] In Figs. 5, 6,7, 8, 9A, 9B, 10A, and 10B, a se-
quence of boxes for each carrier illustrates subframes
which are potentially usable for UL radio transmissions.
Subframes used for an UL radio transmission are marked
with "U". A subframe where the UE receives a UL grant
allocating radio resources of the carrier to the UE is de-
noted by "G". The UL grant may be received on a DL
control channel, e.g., a PDCCH or ePDCCH. In some
scenarios, such DL control channel could be transmitted
on the same carrier, e.g., when using a TDD transmission
mode. A subframe where the UE defers its transmission
is denoted by "D". The subframes which include radio
resources allocated by the UL grant are indicated by ar-
rows extending from the subframe in which the UL grant
is received. A subframe where the UE cannot transmit
due to unsuccessful LBT is denoted by "X". Successful
CCA on the carrier is illustrated by a shaded box.
[0036] Inthe example of Fig. 5, itis assumed that there
is no coordination of UL radio transmissions on the carrier
CC1 and UL radio transmissions on the carrier CC2. Ac-
cordingly, the UE can start an UL transmission on the
carrier CC2, which allows grant-less transmission, during
any subframe after successful CCA. As compared to that,
an UL radio transmission on the carrier CC1, which re-
quires dynamic scheduling, is possible only on those sub-
frames which include radio resources which were allo-
cated by an UL grant to the UE. In the scenario of Fig.
5, this has the effect that an ongoing UL radio transmis-
sion on the carrier CC2 partially overlaps with the sub-
frames which include radio resources allocated by the
UL grant on CCA1. If the subframe where the UL grant is
received is denoted by index n, the radio resources allo-
cated by the UL grant are in the subframes with index
n+4, n+5, n+6, n+7, and n+8. In the scenario of Fig. 5,
the UE performs a successful CCA procedure on the car-
rier CC2 before the subframe with index n+2 and starts
with the UL radio transmission on the carrier CC2. This
UL radio transmission ends in the subframe with index
n+6. Due to self-interference from the ongoing UL radio
transmission on the carrier CC2, LBT on the carrier CC1
is unsuccessful in the subframes with index n+4, n+5,
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and n+6. Only in the subframe with index n+7, after the
UL radio transmission on the carrier CC2 ended, the UE
can successfully perform CCA and start the UL radio
transmission on CC1 in the subframe with index n+8. As
can be seen, the result is inefficient usage of the radio
resources of the carrier CC1. In the examples as further
detailed below, such problems can be avoided by coor-
dination of the UL radio transmissions on the different
unlicensed carriers.

[0037] The scenario of Fig. 6 is similar to that of Fig.
5, but involves coordination of UL radio transmissions on
the carrier CC1 and UL radio transmissions on the carrier
CC2.Inthe scenario of Fig. 6, the UE performs successful
CCA on the carrier CC2 before the subframe with index
n+2. As illustrated, this CCA may be part of an extended
LBT procedure, including a backoff after detecting that
the carrier CC1 is unoccupied. However, after the suc-
cessful CCA before the subframe with index n+2, the UE
defers starting the UL radio transmission on the carrier
CC2 until the first subframe including radio resources
allocated by the UL grant on the carrier CC1, i.e., until
the subframe with index n+4. After successful CCA on
both carriers before the subframe with index n+4, the UE
starts with the UL radio transmissions on both carriers
CC1, CC2. The CCA performed on the carriers before
the subframe with index n+4 may be part of a shortened
LBT procedure which requires no backoff after detecting
that the carrier CC1 is unoccupied. Here, using the short-
ened LBT procedure is acceptable because an extended
LBT procedure with backoff was already performed be-
fore the subframe with index n+2. Because during the
CCA on one of the carriers the UE is not transmitting on
the other carrier, the outcome of the CCA is not affected.
As compared to the scenario of Fig. 5, the UE can there-
fore also transmit during the subframes with index n+4,
n+5, n+6, and n+7 on the carrier CC1. Accordingly, the
radio resources are utilized in an efficient manner.
[0038] Fig. 7 illustrates a further example of a scenario
which is similar to that of Fig. 5 and involves coordination
of UL radio transmissions on the carrier CC1 and UL
radio transmissions on the carrier CC2. In the scenario
of Fig. 7, the UE has data to transmit already in the sub-
frame with index n+2. However, rather than immediately
initiating an LBT procedure on the carrier CC2, the UE
defers its transmission until the first subframe including
radio resources allocated by the UL grant on the carrier
CC1, i.e., until the subframe with index n+4. After suc-
cessful CCA on both carriers before the subframe with
index n+4, the UE starts with the UL radio transmissions
on both carriers CC1, CC2. As illustrated, the CCA per-
formed on the carrier CC1 before the subframe with index
n+4 may be part of an extended LBT procedure which
includes a backoff after detecting that the carrier CC1 is
unoccupied, while the CCA performed on the carrier CC2
before the subframe with index n+4 may be part of a
shortened LBT procedure which requires no backoff after
detecting that the carrier CC1 is unoccupied. Here, using
the shortened LBT procedure on the carrier CC2 is ac-
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ceptable because an extended LBT procedure with back-
off is performed on the carrier CC1. Because during the
CCA on one of the carriers the UE is not transmitting on
the other carrier, the outcome of the CCA is not affected.
As compared to the scenario of Fig. 5, the UE can there-
fore also transmit during the subframes with index n+4,
n+5, n+6, and n+7 on the carrier CC1. Accordingly, the
radio resources are utilized in an efficient manner.
[0039] Fig. 8 illustrates a further example of a scenario
which is similar to that of Fig. 5 and involves coordination
of UL radio transmissions on the carrier CC1 and UL
radio transmissions on the carrier CC2. In the scenario
of Fig. 8, the UE has data to transmit already in the sub-
frame with index n+2. However, rather than immediately
initiating an LBT procedure on the carrier CC2, the UE
defers its transmission until after the last subframe in-
cluding radio resources allocated by the UL grant on the
carrier CC1. After successful CCA on the carrier CC1
before the subframe with index n+4, the UE starts with
the UL radio transmissions on the carrier CC1. After suc-
cessful CCA on the carrier CC2 before the subframe with
index n+10, the UE starts with the UL radio transmissions
on the carrier CC2. As illustrated, the CCA performed on
both carriers CC1, CC2 may be part of an extended LBT
procedure which includes a backoff after detecting that
the carrier is unoccupied. However, the CCA performed
on the carrier CC2 before the subframe with index n+10
could also be part of a shortened LBT procedure which
requires no backoff after detecting that the carrier CC1
is unoccupied. Because during the CCA on one of the
carriers the UE is not transmitting on the other carrier,
the outcome of the CCA is not affected. As compared to
the scenario of Fig. 5, the UE can therefore also transmit
during the subframes with index n+4, n+5, n+6, and n+7
on the carrier CC1. Accordingly, the radio resources are
utilized in an efficient manner.

[0040] Figs. 9A and 9B illustrate a further example of
a scenario which is similar to that of Fig. 5 and involves
coordination of UL radio transmissions on the carrier CC1
and UL radio transmissions on the carrier CC2. In the
scenario of Fig. 9A, the UE performs a successful CCA
procedure on the carrier CC2 before the subframe with
index n+2 and starts with the UL radio transmission on
the carrier CC2. As illustrated, the CCA performed on
the carrier CC1 before the subframe with index n+2 may
be part of an extended LBT procedure which includes a
backoff after detecting that the carrier is unoccupied. Be-
fore the firstsubframe including radio resources allocated
by the UL grant received on the carrier CC1, in the illus-
trated example the subframe with index n+4, the UE in-
terrupts the ongoing UL radio transmission on the carrier
CC2. Accordingly, a gap for CCA on the carrier CC1 is
introduced into the UL radio transmission on the carrier
CC2. As illustrated, in this gap the UE may also perform
CCA on the carrier CC2, thereby ensuring that both car-
riers are unoccupied. The detailed timing of the gap, i.e.,
start time, end time, and duration may depend on the
type of LBT procedure used on the carriers CC1 and
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CC2. Further, the end time of the gap may depend on a
start position of a data channel, e.g., PUSCH, within the
next subframe. For example, if the data channel starts
already with the first modulation symbol of the subframe,
the gap may be configured to end at or before the start
of the subframe. If the data channel starts with a later
modulation symbol of the subframe, the gap may be con-
figured to end within the next subframe, before the start
of the data channel within the subframe. After successful
CCA on the carriers CC1, CC2 before the subframe with
index n+4, the UE starts with the UL radio transmission
on the carrier CC1 and continues with the UL radio trans-
mission on the carrier CC2. As illustrated, the CCA per-
formed on both carriers CC1, CC2 before the subframe
with index n+4 may be part of a shortened LBT procedure
which requires no backoff after detecting that the carrier
CC1, CC2is unoccupied. Here, using the shortened LBT
procedure is acceptable because an extended LBT pro-
cedure with backoff was already performed before the
subframe with index n+2.

[0041] Because during the CCA on one of the carriers
the UE is not transmitting on the other carrier, the out-
come of the CCA is not affected. As compared to the
scenario of Fig. 5, the UE can therefore also transmit
during the subframes with index n+4, n+5, n+6, and n+7
on the carrier CC1. Further, also utilization of the sub-
frames with index n+2 and n+3 is possible on the carrier
CC2. The latter further enhances efficiency of radio re-
source utilization. In addition, it can be avoided that some
other radio device occupies the carrier CC1 and/or CC2
while the UE is deferring its transmission.

[0042] In some scenarios, multiple gaps may be intro-
duced in the ongoing UL radio transmission on the carrier
CC2. An example of a corresponding scenario is illus-
trated in Fig. 9B. In the scenario of Fig. 9A, the UE per-
forms a successful CCA procedure on the carrier CC2
before the subframe with index n+2 and starts with the
UL radio transmission on the carrier CC2. As illustrated,
the CCA performed on the carrier CC1 before the sub-
frame with index n+2 may be part of an extended LBT
procedure which includes a backoff after detecting that
the carrier is unoccupied. Before the first subframe in-
cluding radio resources allocated by the UL grant re-
ceived on the carrier CC1, in the illustrated example the
subframe with index n+4, the UE interrupts the ongoing
UL radio transmission on the carrier CC2. Accordingly,
a gap for CCA on the carrier CC1 is introduced into the
UL radio transmission on the carrier CC2. As illustrated,
in this gap the UE may also perform CCA on the carrier
CC2, to ensure that both carriers are unoccupied. As
mentioned above, the detailed timing of the gap, i.e., start
time, end time, and duration may depend on the type of
LBT procedure used on the carriers CC1 and CC2 and/or
on a start position of a data channel, e.g., PUSCH, within
the next subframe.

[0043] Ascompared to the scenario of Fig. 9A, the sce-
nario of Fig. 9B assumes that during the subframes with
index n+1 to n+5 there is interference to the carrier CC1,
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e.g., from some other radio device transmitting on the
carrier CC1 oron afrequency which is close to the carrier
CC1. This interference however does not affect the car-
rier CC2. Accordingly, before the subframe with index
n+4 CCA on the carrier CC1 is unsuccessful, and in the
subframe with index n+4 the UE cannot start transmitting
on the carrier CC1. On the carrier CC2 CCA is successful
before the subframe with index n+4, and the UE thus
continues with the UL radio transmission on the carrier
CC2. Since the UE could not start its transmission on the
carrier CC1, it again interrupts the ongoing UL radio
transmission on the carrier CC2 before the next subframe
including radio resources allocated by the UL grant re-
ceived on the carrier CC1, in the illustrated example the
subframe with index n+5. Accordingly, a further gap for
CCA on the carrier CC1 is introduced into the UL radio
transmission on the carrier CC2. Again, this gap may
also be used by the UE to perform CCA on the carrier
CC2. The detailed timing of the gap, i.e., start time, end
time, and duration may depend on the type of LBT pro-
cedure used on the carriers CC1 and CC2 and/or on a
start position of a data channel, e.g., PUSCH, within the
next subframe. If the start position of the data channel
varies from one subframe to the other, also the position
or duration of the gap could vary as compared to the gap
introduced before the subframe with index n+4. Since in
the illustrated example the interference to the carrier CC1
still exists at the beginning of the subframe with index
n+4, the CCA on the carrier CC1 is unsuccessful also
before the subframe with index n+5, and also in the sub-
frame with index n+5 the UE cannot start transmitting on
the carrier CC1. On the carrier CC2 CCA is successful
also before the subframe with index n+5, and the UE thus
continues with the UL radio transmission on the carrier
CC2. Since the UE still could not start its transmission
on the carrier CC1, it again interrupts the ongoing UL
radio transmission on the carrier CC2 before the next
subframe including radio resources allocated by the UL
grant received on the carrier CC1, in the illustrated ex-
ample the subframe with index n+6, and a still further
gap for CCA on the carrier CC1 is introduced into the UL
radio transmission on the carrier CC2. Again, this gap
may also be used by the UE to perform CCA on the carrier
CC2. Again, the detailed timing of the gap, i.e., start time,
end time, and duration may depend on the type of LBT
procedure used on the carriers CC1 and CC2 and/or on
a start position of a data channel, e.g., PUSCH, within
the next subframe. If the start position of the data channel
varies from one subframe to the other, also the position
or duration of the gap could vary as compared to the gap
introduced before the subframe with index n+4 or the gap
introduced before the subframe with index n=5. Since in
the illustrated example the interference to the carrier CC1
has ceased before the beginning of the subframe with
index n=6, the CCA performed during the gap before the
beginning of the subframe with index n=6, CCA is now
successful on both carriers CC1, CC2, and the UE starts
with the UL radio transmission on the carrier CC1 and
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continues with the UL radio transmission on the carrier
CcC2.

[0044] In the example of Fig. 9B, the CCA performed
during the gaps in the UL radio transmission on CC2 may
be part of a shortened LBT procedure which requires no
backoff after detecting that the carrier CC1, CC2 is un-
occupied. Here, using the shortened LBT procedure is
acceptable because an extended LBT procedure with
backoffwas already performed before the subframe with
index n+2. It is noted that in some scenarios it could also
happen that interference arises on the carrier CC2, re-
sulting in an unsuccessful CCA on the carrier CC2. In
such case, the UE would not continue with its UL radio
transmission on the carrier CC2.

[0045] As can be seen from the examples of Figs. 9A
and 9B, interference may be taken into account in an
efficient manner by ending or interrupting an ongoing UL
radio transmission on one of the carriers CC1, CC2, so
that CCA on the other carrier is not affected.

[0046] Figs. 10A and 10B illustrate a further example
of a scenario which is similar to that of Fig. 5 and involves
coordination of UL radio transmissions on the carrier CC1
and UL radio transmissions on the carrier CC2. Fig. 10A,
illustrates that subframes in which the UE receives UL
grants may be interweaved with the subframes used for
UL radio transmissions, with the aim of leaving as few
as possible subframes unused. This may be achieved
by a variable time offset between transmission of the UL
grant and the first subframe including radio resources
allocated by the UL grant. In the example of Fig. 10A no
subframes are left unused on the carrier CC1. However,
in the example of Fig. 10A the UE does not transmit on
the carrier CC2. If the UE would transmit on the carrier
CC2, this might affect the UE’s transmissions on the car-
rier CC1. For example, if the UE does not support simul-
taneous transmission on one carrier and reception on
another carrier, an UL radio transmission on the carrier
CC2 could block the reception of one or more of the UL
grants for the carrier CC1. Further, an UL radio transmis-
sion on the carrier CC2 could block reception of DMRS
on the carrier CC1. As a result, the illustrated interweav-
ing might no longer be possible and/or UL transmission
performance degraded. Fig. 10B illustrates an example
of a scenario in which such problems are addressed by
coordination of the UL radio transmissions on the carrier
CC1 and the UL radio transmissions on the carrier CC2.
In the scenario of Fig. 10B, the UE aligns the UL radio
transmissions on the carrier CC2 with the subframes in-
cluding radio resources allocated by the UL grants re-
ceived on the carrier CC1. The result is that, when an UL
radio transmission on the carrier CC1 ends, an UL radio
transmission on the carrier CC2 would end as well, so
that the UE can then receive the next UL grant on the
carrier CC1. This may for example be achieved by con-
figuring the UE to check whether the next subframe on
the carrier CC1 includes radio resources allocated by an
UL grant and, if this is not the case, terminating an on-
going UL radio transmission on the carrier CC2 before
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the next subframe even though the UE might still have
data to transmit on the carrier CC2. In the next subframe,
the UE may then receive an UL grant, as illustrated in
Fig. 10B. In addition or as an alternative the next sub-
frame could also be used by the UE to receive other con-
trol information and/or DMRS on the carrier CC1.
[0047] Itis noted that Figs. 10A and 10B do not illus-
trate LBT procedures or CCA required to perform the
illustrated UL radio transmissions. However, it is to be
understood that LBT and CCA on the different carriers
may be coordinated as explained in connection with Figs.
6,7, 8,9A, and 9B.

[0048] Fig. 11 shows a flowchart for illustrating a meth-
od of controlling radio transmissions. The method of Fig.
11 may be utilized for implementing the illustrated con-
cepts in a radio device, such as the above-mentioned
UE 10. If a processor-based implementation of the radio
deviceis used, the steps of the method may be performed
by one or more processors of the radio device. In such
a case the radio device may further comprise a memory
in which program code for implementing the below de-
scribed functionalities is stored.

[0049] At step 1110, the radio device controlling a first
UL radio transmission on afirst carrier from an unlicensed
frequency spectrum. The first UL radio transmission is
controlled on the basis of a first access scheme.

[0050] Atstep 1120, the radio device controls a second
UL radio transmission on a second second carrier from
the unlicensed frequency spectrum. The first UL radio
transmission is controlled on the basis of a second ac-
cess scheme which is different from the first access
scheme.

[0051] Insome scenarios, the firstaccess scheme may
involve that radio resources of the first carrier are allo-
cated to the radio device by a first type of grant received
from the wireless communication network, while the sec-
ond access scheme involves that radio resources of the
second carrier are allocated to the radio device by a sec-
ond type of grant which has a longer validity than the first
type of grant. For example, the first type of grant could
be a dynamic scheduling grant sent in response to a
scheduling request from the radio device, and the second
type of grant could be an SPS grant or an IUA grant,
which is sent without scheduling request from the radio
device. The first type for grant may be valid for a limited
number of subframes, while the second type of grant is
valid in a reoccurring manner in a sequence of sub-
frames, until the grant is released.

[0052] Insome scenarios, the firstaccess scheme may
involve that radio resources of the first carrier are allo-
cated to the radio device in response to a request from
the radio device, while the second access scheme in-
volves that radio resources of the second carrier are al-
located to the radio device without request from the radio
device. For example, the radio resources of the first car-
rier could be allocated by a dynamic scheduling grant,
which is sent in response to a scheduling request from
the radio device, and the radio resources of the second
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carrier are allocated by an SPS grant or an IUA grant,
which is sent without scheduling request from the radio
device.

[0053] Insome scenarios, the firstaccess scheme may
involve that radio resources radio resources of the first
carrier are allocated to the radio device by a grant from
the wireless communication network, while the second
access scheme does not require allocation of radio re-
sources to the radio device by a grant from the wireless
communication network. For example, the radio resourc-
es of the first carrier could be allocated by a dynamic
scheduling grant, which is sent in response to a sched-
uling request from the radio device or by an IUA grant or
SPS grant, and the radio resources of the second carrier
could be accessible without requiring resource allocation
by the wireless communication network, e.g., through
grant-less access.

[0054] At step 1130, the radio device coordinates the
first UL radio transmission and the second UL radio trans-
mission. In some scenarios, the radio device may receive
a grant allocating radio resources of the first carrier to
the radio device and, before starting to perform the first
UL radio transmission on the allocated radio resources,
performing channel sensing on the first carrier. Examples
of such channel sensing are the CCA operations per-
formed in the examples of Figs. 6, 7, 8, 9A, and 9B before
the UE start with the UL transmission on the carrier CC1.
The channel sensing may be part of an LBT procedure.
The LBT procedure may correspond to an extended LBT
procedure which requires initiating a backoff period when
detecting that the carrier is unoccupied, and starting to
transmit only after expiry of the backoff period, e.g., as
explained in connection with Figs. 4A and 4B. The LBT
procedure may also correspond to a shortened LBT pro-
cedure which does not require initiating a backoff period
when detecting that the carrier is unoccupied, and allows
starting to transmit immediately after detecting that the
carrier is unoccupied. The coordination of step 1130 may
then involve that the radio device may then perform the
second UL radio transmission in at least one time window
which is non-overlapping with the channel sensing on
the first carrier. The examples of Figs. 6, 7, 8, 9A, and
9B show a corresponding coordinated timing of the UL
radio transmission on the carrier CC2.

[0055] Insome scenarios, the atleastone time window
may include a time window starting after the channel
sensing on the first carrier. The examples of Figs. 6, 7,
8, 9A, and 9B show a corresponding coordinated timing
of the UL radio transmission on the carrier CC2. In the
examples of Figs. 6, 7, and 9A such time window starts
after the CCA before the subframe with index n+4. In the
example of Fig. 8 such time window starts in the subframe
with index n+10.In the example of Fig. 9B, the UL radio
transmission includes a time window starting after the
CCA before the subframe with index n+4, a time window
starting after the CCA before the subframe with index n+
5, and a time window starting after the CCA before the
subframe with index n+ 6.
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[0056] Insome scenarios, the atleast one time window
may include a time window starting after the first radio
transmission. The example of Fig. 8 shows a correspond-
ing coordinated timing of the UL radio transmission on
the carrier CC2. In this example, the time window starts
in the subframe with index n+10, after the UE finished
the UL radio transmission on the carrier CC1. In some
scenarios, the at least one time window may include a
time window ending before the channel sensing on the
first carrier. The examples of Figs. 9A and 9B show a
corresponding coordinated timing of the UL radio trans-
mission on the carrier CC2. In these examples, the UL
radio transmission on the carrier CC2 includes a time
window ending before the CCA before the subframe with
index n+4. In the example of Fig. 9B, the UL radio trans-
mission on the carrier CC2 includes a time window ending
before the CCA before the subframe with index n+4, two
time windows ending before the CCA before the sub-
frame with index n+5, and three time windows ending
before the CCA before the subframe with index n+5.

[0057] Itis also possible that the at least one time win-
dow includes a first time window ending before the chan-
nel sensing on the first carrier and a second time window
starting after the channel sensing on the first carrier. The
examples of Figs. 9A and 9B show a corresponding co-
ordinated timing of the UL radio transmission on the car-
rier CC2. In this case, a gap is included between the first
time window and the second time window, and this gap
may be used for the channel sensing on the first carrier.
[0058] In some scenarios, the radio device may per-
form channel sensing on the second carrier before start-
ing to perform the second uplink radio transmission. Ex-
amples of such channel sensing are the CCA operations
performed in the examples of Figs. 6, 7, 8, 9A, and 9B
before the UE start with the UL transmission on the carrier
CC1. The channel sensing may be part of an LBT pro-
cedure. The LBT procedure may correspond to an ex-
tended LBT procedure which requires initiating a backoff
period when detecting that the carrier is unoccupied, and
starting to transmit only after expiry of the backoff period,
e.g., as explained in connection with Figs. 4A and 4B.
The LBT procedure may also correspond to a shortened
LBT procedure which does not require initiating a backoff
period when detecting that the carrier is unoccupied, and
allows starting to transmit immediately after detecting
that the carrier is unoccupied. In such scenarios, the at
least one time window may include a time window be-
tween the channel sensing on the second carrier and the
channel sensing on the first carrier. The examples of Figs.
9A and 9B show a corresponding coordinated timing of
the UL radio transmission on the carrier CC2. In the ex-
ample of Fig. 9A, the UL radio transmission on the carrier
CC2 includes a time window between the CCA on the
carrier CC2 before the subframe with index n+2 and the
CCA on the carrier CC1 before the subframe with index
n+4. In the example of Fig. 9B, the UL radio transmission
on the carrier CC2 includes a time window between the
CCA on the carrier CC2 before the subframe with index
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n+2 and the unsuccessful CCA on the carrier CC1 before
the subframe with index n+4, a time window between the
CCA on the carrier CC2 before the subframe with index
n+2 and the unsuccessful CCA on the carrier CC1 before
the subframe with index n+5, and a time window between
the CCA on the carrier CC2 before the subframe with
index n+2 and the successful CCA on the carrier CC1
before the subframe with index n+6.

[0059] In some scenarios, the coordination may in-
volve that during the channel sensing on the first carrier,
the radio device also performs channel sensing on the
second carrier. The examples of Fig. 6, 7, 9A, and 9B
show a corresponding coordination of channel sensing.
[0060] In some scenarios, the radio resources allocat-
ed by the received grant define an end time of the first
UL radio transmission. The coordination may then in-
volve that the radio device ends the second UL radio
transmission at the end time of the first uplink radio trans-
mission. A corresponding example is shown in Fig. 10B.
After ending the first UL radio transmission and the sec-
ond UL radio transmission, the radio device may then
receive a further grant allocating radio resources of the
first carrier to the radio device. In addition or as an alter-
native to receiving a further grant, the radio device could
also receive other control information or reference sig-
nals.

[0061] In some scenarios, the coordination may also
involve controlling the usage of a backoff during LBT on
the first carrier or second carrier. For example, the radio
device may perform channel sensing on the first carrier
and, in response to detecting that the first carrier is un-
occupied, initiate a backoff period. Accordingly, the radio
device may perform an extended LBT procedure on the
first carrier. Upon expiry of the backoff period, the radio
device may then performing further channel sensing on
the first carrier and start the first UL radio transmission
in response to the further channel sensing on the first
carrier indicating that the first carrier is unoccupied. Fur-
ther, upon expiry of the backoff period, the radio device
may also performing channel sensing on the second car-
rier and start the second UL radio transmission in re-
sponse to the channel sensing on the second carrier in-
dicating that the second carrier is unoccupied. In this
case, the second UL radio transmission may be started
immediately after detecting that the second carrier is un-
occupied, without initiating a backoff period. That is to
say, a shortened LBT procedure on one of the first and
second carriers may be coordinated with an extended
LBT procedure on the other of the first and second car-
riers. The examples of Fig. 6, 7, 9A, and 9B show a cor-
responding coordination of channel sensing.

[0062] Fig. 12 shows a block diagram for illustrating
functionalities of a radio device 1200 which operates ac-
cording to the method of Fig. 11. As illustrated, the radio
device 1200 may be provided with a module 1210 con-
figured to control a first UL radio transmission on a first
carrier from an unlicensed frequency spectrum on the
basis of a first access scheme, such as explained in con-
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nection with step 1110. Further, the radio device 1200
may be provided with amodule 1220 configured to control
a second UL radio transmission on a second carrier from
the unlicensed frequency spectrum on the basis of a sec-
ond access scheme which is different from the first ac-
cess scheme, such as explained in connection with step
1120. Further, radio device 1200 may be provided with
amodule 1230 configured to coordinate the first UL radio
transmission and the second radio transmission, such
as explained in connection with step 1130.

[0063] It is noted that the radio device 1200 may in-
clude further modules for implementing other functional-
ities, such as known functionalities of a UE supporting
the LTE radio technology. Further, it is noted that the
modules of the radio device 1200 do not necessarily rep-
resent a hardware structure of the radio device 1200, but
may also correspond to functional elements, e.g., imple-
mented by hardware, software, or a combination thereof.
[0064] Itis noted that the illustrated concepts could al-
so be implemented in a system which includes a radio
device configured to operate according to the method of
Fig. 11and an access node which is configured toreceive
the first UL radio transmission and the second UL radio
transmission, such as the above-mentioned access node
100.

[0065] Fig. 13illustrates a processor-based implemen-
tation of a radio device 1300 which may be used for im-
plementing the above described concepts. For example,
the structures as illustrated in Fig. 13 may be used for
implementing the above-mentioned UE 10.

[0066] As illustrated, the radio device 1300 may in-
clude a radio interface 1310 for communicating with a
wireless communication network, e.g., with an access
node of the wireless communication network, such as
the above-mentioned access node 100. The radio inter-
face 1310 may be used for sending the above-mentioned
UL radio transmissions. Further, the radio interface 1310
may be used for receiving control information, such as
the above-mentioned grants or similar resource alloca-
tion information. The radio interface 1310 may for exam-
ple be based on the LTE radio technology.

[0067] Further, the radio device 1300 may include one
or more processors 1350 coupled to the radio interface
1310 and a memory 1360 coupled to the processor(s)
1350. By way of example, the radio interface 1310, the
processor(s) 1350, and the memory 1360 could be cou-
pled by one or more internal bus systems of the radio
device 1300. The memory 1360 may include a Read-
Only-Memory (ROM), e.g., a flash ROM, a Random Ac-
cess Memory (RAM), e.g., a Dynamic RAM (DRAM) or
Static RAM (SRAM), a mass storage, e.g., a hard disk
or solid state disk, or the like. As illustrated, the memory
1360 may include software 1370, firmware 1380, and/or
control parameters 1390. The memory 1360 may include
suitably configured program code to be executed by the
processor(s) 1350 so as to implement the above-de-
scribed functionalities of a radio device, such as ex-
plained in connection with Fig. 11.
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[0068] It is to be understood that the structures as il-
lustrated in Fig. 13 are merely schematic and that the
radio device 1300 may actually include further compo-
nents which, for the sake of clarity, have not been illus-
trated, e.g., further interfaces or processors. Also, it is to
be understood that the memory 1360 may include further
program code for implementing known functionalities of
a radio device, e.g., known functionalities of a UE. Ac-
cording to some embodiments, also a computer program
may be provided for implementing functionalities of the
radio device 1300, e.g., in the form of a physical medium
storing the program code and/or other data to be stored
in the memory 1360 or by making the program code avail-
able for download or by streaming.

[0069] As can be seen, the concepts as described
above may be used for efficiently controlling UL radio
transmissions in an unlicensed frequency spectrum.
Specifically, the concepts may be used to avoid that dy-
namically scheduled UL radio transmissions on an unli-
censed carrier are affected by UL radio transmissions on
other carriers which utilize a different access scheme,
e.g., based on semi-persistent grants, based on IUA al-
location, or based on grant-less access. Using the con-
cepts, one or more carriers which were found to be oc-
cupied when starting a transmission on one of the carri-
ers, may be later joined into the transmission, e.g., by
using carrier aggregation. In this way UL performance
can be enhanced. Further, the concepts can be imple-
mented without requiring excessive changes in existing
hardware or software of radio devices or network nodes.
[0070] It is to be understood that the examples and
embodiments as explained above are merely illustrative
and susceptible to various modifications. For example,
the illustrated concepts may be applied in connection with
various kinds of wireless communication technologies,
without limitation to the above-mentioned examples of
LTE, LTE LAA, or MuLTEfire. For example, the concepts
could also be applied to a 5G (5t Generation) radio tech-
nology, such as the NR (new Radio) technology devel-
oped by 3GPP. Further, the illustrated concepts may be
applied with respect to various numbers carriers from the
unlicensed frequency spectrum, e.g., three or more car-
riers, and/or with respect to various numbers of different
access schemes, e.g., three or more different access
schemes. Further, the illustrated concepts may be ap-
plied in various kinds of radio devices, including mobile
phones, portable computing devices, machine type com-
munication devices, and relay stations. Moreover, itis to
be understood that the above concepts may be imple-
mented by using correspondingly designed software to
be executed by one or more processors of an existing
device, or by using dedicated device hardware. Further,
it should be noted that the illustrated nodes or devices
may each be implemented as a single device or as a
system of multiple interacting devices.
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Claims

1. A method of controlling radio transmission in a wire-
less communication network, the method compris-

ing:

aradio device (10; 1200; 1300) controlling a first
uplink radio transmission on a first carrier (33,
34) from an unlicensed frequency spectrum on
the basis of a first access scheme, wherein the
first access scheme involves that radio resourc-
es are allocated to the radio device (10; 1200;
1300) by a first type of grant received from the
wireless communication system, wherein the
first type of grant is valid for a limited number of
subframes;

the radio device (10; 1200; 1300) controlling a
second uplink radio transmission on a second
carrier (33, 34) from the unlicensed frequency
spectrum on the basis of a second access
scheme, wherein the second access scheme in-
volves that radio resources are allocated to the
radio device (10; 1200; 1300) by a second type
of grant received from the wireless communica-
tion system, wherein the second type of grant is
valid in a reoccurring manner in a sequence of
subframes until the grant is released; and

the radio device (10; 1200; 1300) coordinating
the timing of the second uplink radio transmis-
sion in relation to the first uplink radio transmis-
sion.

2. The method according to claim 1, comprising:

the radio device (10; 1200; 1300) receiving a
grant allocating radio resources of the first car-
rier (33, 34) to the radio device (10; 1200; 1300);
before starting to perform the first uplink radio
transmission on the allocated radio resources,
the radio device (10; 1200; 1300) performing
channel sensing on the first carrier (33, 34); and
the radio device (10; 1200; 1300) performing the
second uplink radio transmission in at least one
time window which is non-overlapping with the
channel sensing on the first carrier (33, 34).

3. The method according to claim 2,
wherein the at least one time window comprises a
time window starting after the channel sensing on
the first carrier (33, 34).

4. The method according to claim 2 or 3,
wherein the at least one time window comprises a
time window starting after the first radio transmis-
sion.

5. The method according to any one of claims 2 to 4,
wherein the at least one time window comprises a
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time window ending before the channel sensing on
the first carrier (33, 34).

The method according to any one of claims 2 to 5,
comprising:

before starting to perform the second uplink ra-
dio transmission, the radio device (10; 1200;
1300) performing channel sensing on the sec-
ond carrier (33, 34),

wherein the at least one time window comprises
a time window between the channel sensing on
the second carrier (33, 34) and the channel
sensing on the first carrier (33, 34).

The method according to any one of claims 2 to 6,
comprising:

during the channel sensing on the first carrier (33,
34), the radio device (10; 1200; 1300) performing
channel sensing on the second carrier (33, 34).

The method according to any one of claims 2 to 7,
comprising:

wherein the radio resources allocated by the re-
ceived grant define an end time of the first uplink
radio transmission; and

the radio device (10; 1200; 1300) ending the
second uplink radio transmission at the end time
of the first uplink radio transmission.

The method according to claim 8, comprising:

after ending the first uplink radio transmission and
the second uplink radio transmission, the radio de-
vice (10; 1200; 1300) receiving a further grant allo-
cating radio resources of the first carrier (33, 34) to
the radio device (10; 1200; 1300).

The method according to anyone of the preceding
claims, comprising:

the radio device (10; 1200; 1300) performing
channel sensing on the first carrier (33, 34) and,
in response to detecting that the first carrier (33,
34) is unoccupied, initiating a backoff period;
upon expiry of the backoff period, the radio de-
vice (10; 1200; 1300) performing further channel
sensing on the first carrier (33, 34) and starting
the first uplink radio transmission in response to
the further channel sensing on the first carrier
(33, 34) indicating that the first carrier (33, 34)
is unoccupied; and

upon expiry of the backoff period, the radio de-
vice (10; 1200; 1300) performing channel sens-
ing on the second carrier (33, 34) and starting
the second uplink radio transmission in re-
sponse to the channel sensing on the second
carrier (33, 34) indicating that the second carrier
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(33, 34) is unoccupied.

The method according to any one of the preceding
claims,

wherein the second type of granthas alonger validity
than the first type of grant.

The method according to any one of the preceding
claims,

wherein the first access scheme involves that
radio resources of the first carrier (33, 34) are
allocated to the radio device (10; 1200; 1300) in
response to a request from the radio device (10;
1200; 1300); and

wherein the second access scheme involves
that radio resources of the second carrier (33,
34) are allocated to the radio device (10; 1200;
1300) without request from the radio device (10;
1200; 1300).

The method according to any one of claims 1 to 11,

wherein the first access scheme involves that
radio resources of the first carrier (33, 34) are
allocated to the radio device (10; 1200; 1300)
by a grant from the wireless communication net-
work; and

wherein the second access scheme does not
require allocation of radio resources to the radio
device (10; 1200; 1300) by a grant from the wire-
less communication network.

A radio device (10; 1200; 1300) for a wireless com-
munication network, the radio device (10; 1200;
1300) being configured to:

- control a first uplink radio transmission on a
first carrier (33, 34) from an unlicensed frequen-
cy spectrum on the basis of a first access
scheme, wherein the first access scheme in-
volves that radio resources are allocated to the
radio device (10; 1200; 1300) by a first type of
grantreceived from the wireless communication
system, wherein the first type of grant is valid
for a limited number of subframes;

- control a second uplink radio transmission on
a second carrier (33, 34) from the unlicensed
frequency spectrum on the basis of a second
access scheme, wherein the second access
scheme involves that radio resources are allo-
cated to the radio device (10; 1200; 1300) by a
second type of grant received from the wireless
communication system, wherein the second
type of grant is valid in a reoccurring manner in
a sequence of subframes until the grant is re-
leased; and

- coordinate the timing of the second uplink radio
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transmission in relation to the first uplink radio
transmission.

15. Theradiodevice (10; 1200; 1300) according to claim

14,

wherein the radio device (10; 1200; 1300) is config-
ured to perform the steps of a method according to
any one of claims 1 to 13.

16. A system, comprising:

a radio device (10; 1200; 1300); and

an access node (100) of a wireless communica-
tion network;

wherein the radio device (10; 1200; 1300) is con-
figured to:

- control a first uplink radio transmission on
a first carrier from an unlicensed frequency
spectrum on the basis of a first access
scheme, wherein the first access scheme
involves that radio resources are allocated
to the radio device (10; 1200; 1300) by a
firsttype of grant received from the wireless
communication system, wherein the first
type of grant is valid for a limited number of
subframes;

- control a second uplink radio transmission
on a second carrier from the unlicensed fre-
quency spectrum on the basis of a second
access scheme, wherein the second ac-
cess scheme involves that radio resources
are allocated to the radio device (10; 1200;
1300) by a second type of grant received
from the wireless communication system,
wherein the second type of grant is valid in
areoccurring manner in a sequence of sub-
frames until the grant is released; and

- coordinate the timing of the second uplink
radio transmission in relation to the first up-
link radio transmission, and

wherein the access node (100) is configured to
receive the first uplink radio transmission and
the second uplink radio transmission.

17. A computer program comprising program code to be

executed by at least one processor (1350) of a radio
device (10; 1200; 1300), wherein execution of the
program code causes the radio device (10; 1200;
1300) to perform the steps of a method according to
any one of claims 1 to 13.

18. A computer program product comprising program

code to be executed by atleast one processor (1350)
ofaradiodevice (10;1200; 1300), wherein execution
of the program code causes the radio device (10;
1200; 1300) to perform the steps of a method ac-
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cording to any one of claims 1 to 13.

Patentanspriiche

Verfahren zum Steuern einer Funkibertragung in ei-
nem drahtlosen Kommunikationsnetzwerk, wobei
das Verfahren Folgendes umfasst:

eine Funkvorrichtung (10; 1200; 1300), die eine
erste Uplink-Funkibertragung auf einem ersten
Trager (33, 34) aus einem unlizenzierten Fre-
quenzspektrum auf der Grundlage eines ersten
Zugangsschemas steuert, wobei das erste Zu-
gangsschema beinhaltet, dass der Funkvorrich-
tung (10; 1200; 1300) Funkressourcen durch ei-
ne erste Art von Gewahrung zugewiesen wer-
den, die von dem drahtlosen Kommunikations-
system empfangen wird, wobei der erste Ge-
wahrungstyp fir eine begrenzte Anzahl von Un-
terrahmen giiltig ist;

die Funkvorrichtung (10; 1200; 1300) steuert ei-
ne zweite Uplink-Funkibertragung auf einem
zweiten Trager (33, 34) aus dem unlizenzierten
Frequenzspektrum auf der Grundlage eines
zweiten Zugangsschemas, wobei das zweite
Zugangsschema beinhaltet, dass der Funkvor-
richtung (10; 1200; 1300) Funkressourcen
durch eine zweite Art von Gewahrung zugewie-
sen werden, die von dem drahtlosen Kommuni-
kationssystem empfangen wird, wobei der zwei-
te Gewahrungstyp in einer Folge von Unterrah-
men aufwiederkehrende Weise gliltig ist, bis die
Gewahrung freigegeben wird; und

wobei die Funkvorrichtung (10; 1200; 1300) den
Zeitpunkt der zweiten Uplink-Funkulbertragung
in Bezug auf die erste Uplink-Funkibertragung
koordiniert.

2. Verfahrennach Anspruch 1, das Folgendes umfasst:

die Funkvorrichtung (10; 1200; 1300) empfangt
eine Gewahrung, die Funkressourcen des ers-
ten Tragers (33, 34) der Funkvorrichtung (10;
1200; 1300) zuzuweisen;

wobei die Funkvorrichtung (10; 1200; 1300), be-
vor mit der Durchfihrung der ersten Uplink-
Funkibertragung an den zugewiesenen
Funkressourcen begonnen wird, eine Kanalab-
tastung an dem ersten Trager (33, 34) durch-
fuhrt; und die Funkvorrichtung (10; 1200; 1300)
die zweite Uplink-Funkibertragung in mindes-
tens einem Zeitfenster durchfiihrt, das nicht mit
der Kanalabtastung auf dem ersten Trager (33,
34) Uberlappt.

3. Verfahren nach Anspruch 2,

wobei das mindestens eine Zeitfenster ein Zeitfens-
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ter umfasst, das nach der Kanalabtastung auf dem
ersten Trager (33, 34) beginnt.

Verfahren nach Anspruch 2 oder 3,

wobei das mindestens eine Zeitfenster ein Zeitfens-
ter umfasst, das nach der ersten Funkibertragung
beginnt.

Verfahren nach einem der Anspriiche 2 bis 4,
wobei das mindestens eine Zeitfenster ein Zeitfens-
ter umfasst, das vor der Kanalabtastung auf dem
ersten Trager (33, 34) endet.

Verfahren nach einem der Anspriiche 2 bis 5, das
Folgendes umfasst:

bevor mit der Durchfiihrung der zweiten Uplink-
Funkulbertragung begonnen wird, fiihrt die Funkvor-
richtung (10; 1200; 1300) eine Kanalabtastung auf
dem zweiten Trager (33, 34) durch, wobei das min-
destens eine Zeitfenster ein Zeitfenster zwischen
der Kanalabtastung auf dem zweiten Trager (33, 34)
und der Kanalabtastung auf dem ersten Trager (33,
34) umfasst.

Verfahren nach einem der Anspriiche 2 bis 6, das
Folgendes umfasst:

wahrend der Kanalabtastung auf dem ersten Trager
(33, 34) fuhrt die Funkvorrichtung (10; 1200; 1300)
eine Kanalabtastung auf dem zweiten Trager (33,
34) durch.

Verfahren nach einem der Anspriiche 2 bis 7, das
Folgendes umfasst:

wobei die Funkressourcen, die durch die emp-
fangene Gewahrung zugewiesen wurden, eine
Endzeit der ersten Uplink-Funkubertragung de-
finieren; und

die Funkvorrichtung (10; 1200; 1300) die zweite
Uplink-Funkibertragung zum Endzeitpunkt der
ersten Uplink-Funkilbertragung beendet.

Verfahren nach Anspruch 8, das Folgendes umfasst:
nach dem Beenden der ersten Uplink-Funkibertra-
gung und der zweiten Uplink-Funkiibertragung emp-
fangtdie Funkvorrichtung (10; 1200; 1300) eine wei-
tere Gewahrung, die Funkressourcen des ersten
Tragers (33, 34) der Funkvorrichtung (10; 1200;
1300) zuzuweisen.

Verfahren nach einem der vorhergehenden Ansprii-
che, das Folgendes umfasst:

die Funkvorrichtung (10; 1200; 1300) fiihrt eine
Kanalabtastung auf dem ersten Trager (33, 34)
durch und leitet als Reaktion auf das Erfassen,
dass der erste Trager (33, 34) nicht belegt ist,
eine Backoff-Periode ein; nach Ablauf der Back-

10

15

20

25

30

35

40

45

50

55

17

1.

12.

13.

14.

32

off-Periode fiihrt die Funkvorrichtung (10; 1200;
1300) eine weitere Kanalabtastung aufdem ers-
ten Trager (33, 34) durch und startet die erste
Uplink-Funkibertragung als Reaktion auf die
weitere Kanalabtastung auf dem ersten Trager
(33, 34), die anzeigt, dass der erste Trager (33,
34) nicht belegt ist; und

nach Ablauf der Backoff-Periode fuhrt die Funk-
vorrichtung (10; 1200; 1300) eine Kanalabtas-
tung auf dem zweiten Trager (33, 34) durch und
startet die zweite Uplink-Funkilbertragung als
Reaktion auf die Kanalabtastung auf dem zwei-
ten Trager (33, 34), die anzeigt, dass der zweite
Trager (33, 34) nicht belegt ist.

Verfahren nach einem der vorhergehenden Anspri-
che,

wobei die zweite Art der Gewadhrung eine langere
Glltigkeit hat als die erste Art der Gewahrung.

Verfahren nach einem der vorhergehenden Anspri-
che,

wobei das erste Zugangsschema beinhaltet,
dass Funkressourcen des ersten Tragers (33,
34) der Funkvorrichtung (10; 1200; 1300) als
Reaktion auf eine Anforderung von der Funk-
vorrichtung (10; 1200; 1300) zugewiesen wer-
den; und

wobei das zweite Zugangsschema beinhaltet,
dass Funkressourcen des zweiten Tragers (33,
34) der Funkvorrichtung (10; 1200; 1300) ohne
Anforderung von der Funkvorrichtung (10; 1200;
1300) zugewiesen werden.

Verfahren nach einem der Anspriiche 1 bis 11,

wobei das erste Zugangsschema beinhaltet,
dass Funkressourcen des ersten Tragers (33,
34) der Funkvorrichtung (10; 1200; 1300) durch
eine Gewahrung von dem drahtlosen Kommu-
nikationsnetz zugewiesen werden; und
wobeidas zweite Zugangsschema keine Zuwei-
sung von Funkressourcen an die Funkvorrich-
tung (10; 1200; 1300) durch eine Gewahrung
von dem drahtlosen Kommunikationsnetz erfor-
dert.

Funkvorrichtung (10; 1200; 1300) firr ein drahtloses
Kommunikationsnetzwerk, wobei die Funkvorrich-
tung (10; 1200; 1300) fir Folgendes konfiguriert ist:

- Steuern einer ersten Uplink-Funkulbertragung
auf einem ersten Trager (33, 34) aus einem un-
lizenzierten Frequenzspektrum auf der Grund-
lage eines ersten Zugangsschemas, wobei das
erste Zugangsschema beinhaltet, dass der
Funkvorrichtung (10; 1200; 1300) Funkressour-
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cen durch eine erste Art von Gewahrung zuge-
wiesen werden, die von dem drahtlosen Kom-
munikationssystem empfangen wird, wobei der
erste Gewahrungstyp fir eine begrenzte Anzahl
von Unterrahmen giiltig ist;

- Steuern einer zweiten Uplink-Funkibertra-
gung aufeinem zweiten Trager (33, 34) aus dem
unlizenzierten Frequenzspektrum auf der
Grundlage eines zweiten Zugangsschemas,
wobei das zweite Zugangsschema beinhaltet,
dass der Funkvorrichtung (10; 1200; 1300)
Funkressourcen durch eine zweite Art von Ge-
wahrung zugewiesen werden, die von dem
drahtlosen Kommunikationssystem empfangen
wird, wobei der zweite Gewahrungstyp in einer
Folge von Unterrahmen auf wiederkehrende
Weise gliltig ist, bis die Gewahrung freigegeben
wird; und

- Koordinieren des Zeitpunkts der zweiten
Uplink-Funkibertragung in Bezug auf die erste
Uplink-Funkibertragung.

15. Funkvorrichtung (10; 1200; 1300) nach Anspruch

14,

wobei die Funkvorrichtung (10; 1200; 1300) daflr
konfiguriert ist, die Schritte eines Verfahrens nach
einem der Anspriiche 1 bis 13 auszuflihren.

16. System, das Folgendes umfasst:

eine Funkvorrichtung (10; 1200; 1300); und
einen Zugangsknoten (100) eines drahtlosen
Kommunikationsnetzes;

wobei die Funkvorrichtung (10; 1200; 1300) fur
Folgendes konfiguriert ist:

- Steuern einer ersten Uplink-Funkibertra-
gung auf einem ersten Trager aus einem
unlizenzierten Frequenzspektrum auf der
Grundlage eines ersten Zugangsschemas,
wobei das erste Zugangsschema beinhal-
tet, dass der Funkvorrichtung (10; 1200;
1300) Funkressourcen durch eine erste Art
von Gewahrung zugewiesen werden, die
von dem drahtlosen Kommunikationssys-
tem empfangen wird, wobei der erste Ge-
wahrungstyp fiir eine begrenzte Anzahl von
Unterrahmen gliltig ist;

- Steuern einer zweiten Uplink-Funkiiber-
tragung auf einem zweiten Trager aus dem
unlizenzierten Frequenzspektrum auf der
Grundlage eines zweiten Zugangssche-
mas, wobeidas zweite Zugangsschemabe-
inhaltet, dass der Funkvorrichtung (10;
1200; 1300) Funkressourcen durch eine
zweite Art von Gewahrung zugewiesen
werden, die von dem drahtlosen Kommuni-
kationssystem empfangen wird, wobei der
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zweite Gewahrungstyp in einer Folge von
Unterrahmen auf wiederkehrende Weise
glltig ist, bis die Gewahrung freigegeben
wird; und

- Koordinieren des Zeitpunkts der zweiten
Uplink-Funkibertragung in Bezug auf die
erste Uplink-Funkibertragung, und

wobei der Zugangsknoten (100) daflr konfigu-
riert ist, die erste Uplink-Funkulbertragung und
die zweite Uplink-Funkibertragung zu empfan-
gen.

Computerprogramm, das Programmcode umfasst,
der von mindestens einem Prozessor (1350) einer
Funkvorrichtung (10; 1200; 1300) ausgefiihrt wer-
den soll; wobei die Ausflihrung des Programmcodes
bewirkt, dass die Funkvorrichtung (10; 1200; 1300)
die Schritte eines Verfahrens nach einem der An-
spriiche 1 bis 13 ausflihrt.

Computerprogrammprodukt, das Programmcode
umfasst, der von mindestens einem Prozessor
(1350) einer Funkvorrichtung (10; 1200; 1300) aus-
gefuihrt werden soll; wobei die Ausfiihrung des Pro-
grammcodes bewirkt, dass die Funkvorrichtung (10;
1200; 1300) die Schritte eines Verfahrens nach ei-
nem der Anspriiche 1 bis 13 ausfiihrt.

Revendications

1.

Procédé de commande de transmission radio dans
un réseau de communication sans fil, le procédé
comprenant :

un appareil radio (10; 1200; 1300) commandant
une premiére transmission radio en liaison mon-
tante sur une premiére porteuse (33, 34) a partir
d’un spectre de fréquences sans licence sur la
base d’'un premier schéma d’acces, dans lequel
le premier schéma d’accés implique que des
ressources radio sont allouées a 'appareil radio
(10; 1200; 1300) par un premier type d’autori-
sation regu du systeme de communication sans
fil, dans lequel le premier type d’autorisation est
valide pour un nombre limité de sous-trames;

I'appareil radio (10; 1200; 1300) commandant
une deuxiéme transmission radio en liaison
montante sur une deuxieme porteuse (33, 34)
a partir du spectre de fréquences sans licence
sur la base d’'un deuxiéme schéma d’acceés,
dans lequel le deuxiéme schéma d’acces impli-
que que les ressources radio sont allouées a
I'appareil radio (10; 1200; 1300) par un deuxié-
me type d’autorisation regu du systéme de com-
munication sans fil, dans lequel le deuxiéme ty-
pe d’autorisation est valide de maniére récur-
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rente dans une séquence de sous-trames jus-
qu’a la fin de l'autorisation; et

I'appareil radio (10; 1200; 1300) coordonnant la
synchronisation de la deuxieme transmission
radio en liaison montante par rapport a la pre-
miére transmission radio en liaison montante.

2. Procédé selon la revendication 1, comprenant :

la réception par I'appareil radio (10; 1200; 1300)
d’une autorisation allouant des ressources radio
de la premiere porteuse (33, 34) a 'appareil ra-
dio (10; 1200; 1300) ;

avant de commencer a réaliser la premiére
transmission radio en liaison montante sur les
ressources radio allouées, laréalisation parI'ap-
pareil radio (10; 1200; 1300) d’'une détection de
canal sur la premiére porteuse (33, 34) ; et

la réalisation par l'appareil radio (10; 1200;
1300) d’'une deuxiéme transmission radio en
liaison montante dans au moins une fenétre
temporelle quiest non chevauchante avecladé-
tection de canal sur la premiére porteuse (33,
34).

Procédé selon la revendication 2,

dans lequel I'au moins une fenétre temporelle com-
prend une fenétre temporelle commengant aprés la
détection de canal sur la premiére porteuse (33, 34).

Procédé selon la revendication 2 ou 3,

dans lequel I'au moins une fenétre temporelle com-
prend une fenétre temporelle commengant aprés la
premiére transmission radio.

Procédé selon I'une quelconque des revendications
2 a4, dans lequel I'au moins une fenétre temporelle
comprend une fenétre temporelle se terminant avant
la détection de canal sur la premiere porteuse (33,
34).

Procédé selon I'une quelconque des revendications
2 a5, comprenant :

avant de commencer a réaliser la deuxieme
transmission radio en liaison montante, la réa-
lisation par I'appareil radio (10; 1200; 1300)
d’'une détection de canal sur la deuxiéme por-
teuse (33, 34),

dans lequel I'au moins une fenétre temporelle
comprend une fenétre temporelle entre la dé-
tection de canal sur la deuxieme porteuse (33,
34) et la détection de canal sur la premiére por-
teuse (33, 34).

Procédé selon I'une quelconque des revendications
2 a 6, comprenant :
pendant la détection de canal sur la premiere por-

10

15

20

25

30

35

40

45

50

55

19

10.

1.

12.

teuse (33, 34), la réalisation par I'appareil radio (10;
1200; 1300) d’une détection de canal sur la deuxié-
me porteuse (33, 34).

Procédé selon I'une quelconque des revendications
2 a7, comprenant:

dans lequel les ressources radio allouées par
I'autorisation regue définissent un temps de fin
de la premiere transmission radio en liaison
montante; et

la cessation par I'appareil radio (10; 1200; 1300)
de la deuxieme transmission radio en liaison
montante au temps de fin de la premiére trans-
mission radio en liaison montante.

Procédé selon la revendication 8, comprenant :
apres la cessation de la premiere transmission radio
en liaison montante et de la deuxiéme transmission
radio en liaison montante, la réception par I'appareil
radio (10; 1200; 1300) d’une autorisation supplé-
mentaire allouant des ressources radio de la premie-
re porteuse (33, 34) a I'appareil radio (10; 1200;
1300).

Procédé selon I'une quelconque des revendications
précédentes, comprenant :

La réalisation par I'appareil radio (10; 1200;
1300) d’'une détection de canal sur la premiere
porteuse (33, 34) et, en réponse a la détection
dufaitquela premiere porteuse (33, 34) estinoc-
cupée, le lancement d’'une période d’attente;

a I'expiration de la période d’attente, la réalisa-
tion par I'appareil radio (10; 1200; 1300) d’'une
détection de canal supplémentaire sur la pre-
miére porteuse (33, 34) etle débutde la premié-
re transmission radio en liaison montante en ré-
ponse a l'indication par la détection de canal
supplémentaire sur la premiére porteuse (33,
34) du fait que la premiére porteuse (33, 34) est
inoccupée; et

a I'expiration de la période d’attente, la réalisa-
tion par I'appareil radio (10; 1200; 1300) d’'une
détection de canal surla deuxiéme porteuse (33,
34) et le début de la deuxieme transmission ra-
dio enliaison montante en réponse al’indication
par la détection de canal sur la deuxiéme por-
teuse (33, 34) du fait que la deuxiéme porteuse
(33, 34) est inoccupée.

Procédé selon I'une quelconque des revendications
précédentes,

dans lequel le deuxiéme type d’autorisation a une
période de validité plus longue que le premier type
d’autorisation.

Procédé selon I'une quelconque des revendications
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précédentes,

dans lequel le premier schéma d’acces implique
que des ressources radio de la premiére porteu-
se (33, 34) sont allouées a I'appareil radio (10;
1200; 1300) en réponse a une demande de 'ap-
pareil radio (10; 1200; 1300) ; et

dans lequel le deuxiéme schéma d’acces impli-
que que des ressources radio de la deuxiéme
porteuse (33, 34) sont allouées al'appareil radio
(10; 1200; 1300) sans demande de l'appareil
radio (10; 1200; 1300).

13. Procédé selon I'une quelconque des revendications

1 a 11, dans lequel le premier schéma d’acces im-
plique que des ressources radio de la premiéere por-
teuse (33, 34) sont allouées a I'appareil radio (10;
1200; 1300) par une autorisation du réseau de com-
munication sans fil; et

dans lequel le deuxieme schéma d’acces ne requiert
pas d’allocation de ressources radio a I'appareil ra-
dio (10; 1200; 1300) par une autorisation du réseau
de communication sans fil.

14. Appareil radio (10; 1200; 1300) pour un réseau de

communication sans fil, 'appareil radio (10; 1200;
1300) étant configuré pour :

- commander une premiere transmission radio
en liaison montante sur une premiere porteuse
(33, 34) a partir d’'un spectre de fréquences sans
licence sur la base d’'un premier schéma d’ac-
cés, dans lequel le premier schéma d’acces im-
plique que des ressources radio sont allouées
al’appareilradio (10; 1200; 1300) par un premier
type d’autorisation regu du systéme de commu-
nication sans fil, dans lequel le premier type
d’autorisation est valide pour un nombre limité
de sous-trames;

- commander une deuxiéme transmission radio
en liaison montante sur une deuxiéme porteuse
(33, 34) a partir du spectre de fréquences sans
licence sur la base d’un deuxieme schéma d’ac-
ceés, dans lequel le deuxieme schéma d’acces
implique que desressources radio sontallouées
al’appareil radio (10; 1200; 1300) par un deuxié-
me type d’autorisation regu du systéme de com-
munication sans fil, dans lequel le deuxieme ty-
pe d’autorisation est valide de maniére récur-
rente dans une séquence de sous-trames jus-
qu’a la fin de l'autorisation; et

- coordonner la synchronisation de la deuxieme
transmission radio en liaison montante par rap-
port a la premiére transmission radio en liaison
montante.

15. Appareil radio (10; 1200; 1300) selon la revendica-

tion 14, dans lequel I'appareil radio (10; 1200; 1300)
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est configuré pour réaliser les étapes d’'un procédé
selon I'une quelconque des revendications 1 a 13.

Systeme, comprenant :

un appareil radio (10; 1200; 1300) ; et

un nceud d’acces (100) d’'un réseau de commu-
nication sans fil;

dans lequel I'appareil radio (10; 1200; 1300) est
configuré pour :

-commander une premiére transmission ra-
dio en liaison montante sur une premiére
porteuse a partir d’'un spectre de fréquen-
ces sans licence sur la base d’'un premier
schéma d’acces, dans lequel le premier
schéma d’accés implique que des ressour-
ces radio sont allouées a l'appareil radio
(10; 1200; 1300) par un premier type d’auto-
risation regu du systéme de communication
sans fil, dans lequel le premier type d’auto-
risation est valide pour un nombre limité de
sous-trames;

- commander une deuxiéme transmission
radio en liaison montante sur une deuxiéme
porteuse a partir d’'un spectre de fréquen-
ces sans licence sur la base d’'un deuxiéme
schéma d’acces, dans lequel le deuxieme
schéma d’accés implique que des ressour-
ces radio sont allouées a l'appareil radio
(10; 1200; 1300) par un deuxieme type
d’autorisation regu du systeme de commu-
nication sans fil, dans lequel le deuxiéme
type d’autorisation est valide de maniére ré-
currente dans une séquence de sous-tra-
mes jusqu’a la fin de l'autorisation; et

- coordonner la synchronisation de la
deuxieme transmission radio en liaison
montante par rapport a la premiére trans-
mission radio en liaison montante, et

danslequel le nceud d’acces (100) est configuré
pour recevoir la premiéere transmission radio en
liaison montante etla deuxiéme transmission ra-
dio en liaison montante.

Programme informatique comprenant un code de
programme devant étre exécuté par au moins un
processeur (1350) d’'un appareil radio (10; 1200;
1300), dans lequel I'exécution du code de program-
me amene I'appareil radio (10; 1200; 1300) a réaliser
les étapes d’'un procédé selon I'une quelconque des
revendications 1 a 13.

Produit de programme informatique comprenant un
code de programme devant étre exécuté par au
moins un processeur (1350) d’un appareil radio (10;
1200; 1300), dans lequel I'exécution du code de pro-
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gramme ameéne |'appareil radio (10; 1200; 1300)a
réaliser les étapes d’un procédé selon I'une quelcon-
que des revendications 1 a 13.
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